We conducted a prospective study of 50 adults to investigate changes in nasal mucociliary clearance following endoscopic intranasal dacryocystorhinostomy (DCR). Each operation was performed with the use of a drill to perforate the lateral nasal wall in order to reach the lacrimal sac. Each patient's mucociliary clearance time (MCT) was determined by the saccharin test on both the operated and nonoperated sides; the preoperative times were compared with postoperative measurements made 1 and 3 months following DCR. Preoperatively, the mean MCTs were 14.48 minutes on the operated side and 14.50 minutes on the nonoperated side-not a statistically signifi cant diff erence (p > 0.05). Postoperatively, the corresponding MCTs were 25.22 and 14.98 minutes at 1 month and 18.44 and 15.62 minutes at 3 months. On the operated side, both postoperative MCTs were signifi cantly longer than the preoperative value (p < 0.001), while on the nonoperated side, neither postoperative MCT was signifi cantly diff erent from the preoperative value (p > 0.05). Also, the postoperative MCTs were signifi cantly longer on the operated side than on the nonoperated side at both 1 month (p < 0.001) and 3 months (p < 0.05). Only 1 of the 50 operations was considered to be unsuccessful; the reason for this surgical failure was the patient's ongoing complaints of chronic postoperative dacryocystitis. We conclude that endoscopic DCR disturbs mucociliary clearance. Changes in MCTs may be attributable to injury to the nasal mucosa or to the continuous fl ow of tears through the nasal mucosa.
Introduction
Dacryocystorhinostomy (DCR) is the standard procedure for the management of nasolacrimal obstruction. In this procedure, the lacrimal sac is directly connected to the nose via an external approach or via an endonasal endoscopic approach. Many tools have been used to expose the lacrimal sac, including the drill, laser, rongeur, and chisel; each of these has its specifi c advantages and disadvantages.
Caldwell 1 in 1893 became the fi rst surgeon to describe endonasal DCR, and his technique was modifi ed and popularized by West 2 in the early 1900s. Th e fi rst external-approach DCR was described by Toti in 1904. 3 Toti's procedure was subsequently modifi ed by many authors, who incorporated the use of fl aps.
In 1989, McDonogh and Meiring 4 became the fi rst to describe the use of endoscopes in transnasal DCR, and this procedure became the preferred method for the management of chronic dacryocystitis secondary to nasolacrimal duct obstruction. Th e reported success rates for endoscopic DCR procedures range from 82 to 95%; these rates are comparable to those reported for the external approach. 5 Moreover, compared with external DCR, endonasal surgery is associated with much less morbidity, a lower complication rate, less intraoperative bleeding, less cosmetic deformity, and less operating time. 6 Indeed, peri-and postoperative complications are rare; those that have been reported include hemorrhage, septal perforation, lacrimal sac abscess, orbital cellulitis, damage to the canaliculus, tearing of the punctum, conjunctivitis, corneal irritation, acute dacryocystitis, rhinitis, and the formation of scar tissue and fi brosis in the nasal cavity. 7 Also, avoiding an external incision diminishes the risk of damage to the medial canthal ligament, orbicularis oculi muscle, and the pretarsal fi bers, thereby minimizing the risk of damage to the lacrimal pump system. 8 Another possible complication of endoscopic DCR is cal examination, an endoscopic examination of the nose, and an ophthalmologic examination with visual-fi eld and accuracy testing, intraocular pressure measurement, a fundus examination, and a biomicroscopic examination of the eyelids and lacrimal puncta. Nasolacrimal patency was evaluated by irrigation through the canaliculi. Finally, routine anteroposterior and lateral dacryocystography with lipiodol was performed to assess the site and degree of obstruction. Surgery. With the patient under general anesthesia, DCR was performed with a 0° Storz endoscope (Karl Storz; Tuttlingen, Germany). Aft er a vasoconstrictor was applied to the nasal mucosa and the maxillary fi ssure was identifi ed, a 2 × 1.5-cm mucoperiosteal fl ap was created. A 1 × 1-cm window was drilled in the lacrimal bone and frontal process of the maxilla with a microdrill, and the lacrimal sac was exposed. With a vertical incision, the sac was opened. Irrigation was introduced to assess the sac's patency. Th en, an O'Donoghue silicone stent was inserted, with one end passed through the upper punctum and the other through the lower punctum, and the two ends were tied inside the nasal cavity. A small nasal pack was inserted into the nasal cavity, and the procedure was completed.
No peri-or postoperative complications were observed in any patient, and all were discharged on the same day. Th e silicone stents were removed 6 weeks postoperatively by cutting the loop between the puncta and retrieving them through the nose.
Endoscopic assessment. All patients underwent a nasal endoscopic examination at 1 and 3 months postoperatively, and any nasal symptoms and pathology were noted. Th ese examinations were undertaken prior to a saccharin test at each visit. Saccharin test. Th e saccharin test was performed preoperatively and again 1 and 3 months aft erward. All tests were performed in the same room. During testing, the temperature and relative humidity of the room were kept constant at 23°C (73.4°F) and 60%, respectively. Tests were performed at approximately the same time in the morning for each patient because it has been shown that MCTs are subject to diurnal variations; they are shortest between 7 a.m. and 1 p.m. and longest at 4 a.m. 15 With the patient's head upright, a 5-mg saccharin tablet was placed on the anterior end of the inferior turbinate and the test start time was recorded. Timing was stopped when the patient recognized a sweet taste. In healthy adults, saccharin clearance times range between 7 and 15 minutes. Any patient whose saccharin clearance time ranges between 20 and 60 minutes is considered to have the deterioration of nasal mucociliary clearance, which is the topic of the present study. Nasal mucociliary clearance is a fundamental function of the nose, necessary to maintain nasal health and immune defenses. Mucus and periciliary fl uids are the main active factors involved in mucociliary transport. 9 Determinants of ciliary beat frequency and the composition of airway secretions regulate the effi ciency of mucus transport. 10 Mucociliary clearance in the nose can be measured by both direct methods (stroboscopy and photoelectron techniques) and indirect methods (measurement of saccharin or charcoal powder transport times and seroalbumin-technetium-99m and technetium-99m pertechnetate scanning). 11, 12 Direct methods are expensive and not suitable for most patients, but the saccharin test is widely used because it is inexpensive, rapid, and easy to perform. 13, 14 Radioisotope measurements are not recommended for use in children or for repeated investigations in adults.
Th e primary objective of endonasal surgery must be to maintain nasal function while eradicating nasal pathology. Nasal mucociliary clearance is one of the most important nasal functions, and it can be easily impaired by many conditions that aff ect the activity of cilia. In this study, we attempted to identify changes in nasal mucociliary clearance times (MCTs) following endoscopic DCR by comparing the results of saccharin tests before and aft er each intervention.
Patients and methods
Our study population was drawn from among all adults with chronic dacryocystitis who were undergoing endoscopic DCR at the Istanbul Training and Research Hospital between Sept. 1, 2006, and Jan. 31, 2008. Patients who had a history of nasal or ophthalmologic interventions of any kind or a history of bilateral and revision procedures were excluded from this study, as were patients with precanalicular obstruction. Also excluded were patients with an acute respiratory tract infection, nasal septal deviation, nasal polyposis, a nasal tumor, inferior turbinate hypertrophy, or a nasolacrimal canal tumor.
Our fi nal study population was made up of 50 patients-35 women and 15 men, aged 21 to 72 years (mean: 42.2). All patients had unilateral sac or duct obstruction. All patients were evaluated by a detailed history with special emphasis on the duration of complaints, any previous interventions and treatments, and any other medical disorders. In addition, all patients underwent a standard clinical workup, which included a detailed physi-Volume 90, Number 9 www.entjournal.com ■ E25 ENDOSCOPIC DACRYOCYSTORHINOSTOMY APPEARS TO IMPAIR NASAL MUCOCILIARY CLEARANCE a disturbed, yet possibly treatable, nasal mucociliary transport function. 16, 17 An MCT longer than 60 minutes suggests that a signifi cant defect in the cilia or mucus is probable, provided that it is been proven that the patient is able to taste saccharin at all.
Statistical analysis. We used the Statistical Package for the Social Sciences soft ware (SPSS for Windows, v. 10.0; SPSS; Chicago) and Student t tests to determine the eff ect of endoscopic DCR on MCTs. Diff erences were considered to be statistically signifi cant at p < 0.05.
Results
Findings on all of the postoperative nasal endoscopic examinations were normal. No patient declared any nasal complaint, and all were able to experience a sweet taste during the saccharin test.
Preoperatively, the MCTs ranged from 8 to 22 minutes (mean: 14.48 ± 3.90) on the operated side and from 7 to 23 minutes (mean: 14.50 ± 4.02) on the nonoperated side. Th e diff erence in means between the two sides was not statistically signifi cant (p > 0.05) (table). At 1 month postoperatively, the MCTs ranged between 12 and 34 minutes (mean: of 25.22 ± 5.95) on the operated side and from 8 to 25 minutes (mean: 14.98 ± 4.28) on the nonoperated side; the diff erence in means between the two sides was statistically signifi cant (p < 0.001). Also, the diff erence in means between the preoperative and the 1-month MCT was statistically signifi cant on the operated side (p < 0.001) and not signifi cantly diff erent on the nonoperated side (p > 0.05) (table) .
At the 3-month follow-up, aft er removal of the stent, the MCTs ranged between 9 and 26 minutes (mean: 18.44 ± 4.60) on the operated side and from 8 to 26 minutes (mean: 15.62 ± 4.49) on the nonoperated side; again, the diff erence in means between the two sides was statistically signifi cant (p < 0.05), although the gap was somewhat narrower than the gap at 1 month. Also, the diff erence between the preoperative and the 3-month mean MCTs was statistically signifi cant on the operated side (p < 0.001) and not signifi cantly diff erent on the nonoperated side (p > 0.05) (table) .
Clinically, only 1 of the 50 patients did not improve aft er surgical intervention. Th e reason for this surgical failure was the patient's ongoing complaints of postoperative chronic dacryocystitis. Her MCT increased from 16.1 minutes preoperatively to 18.5 minutes at the 1-month follow-up.
Discussion
In this study, we preferred endoscopic intervention to the external approach, and we used a drill to expose the lacrimal sac. Th e sac is usually located anterosuperiorly to the middle turbinate, and a good amount of thick bone must be removed. We believe that this can be best accomplished with a drill, which off ers rapid removal and minimal damage to the sac. 18 Also, opening the lacrimal sac superiorly with a drill is an easy procedure to perform, and it poses no risk of damage to neighboring structures.
Mucociliary clearance of the nose is an important component in the primary defense mechanisms of the upper and lower respiratory tracts. Th ese mechanisms are dependent on a complex interaction between motile cilia, glandular secretions, and the anatomy of the sinuses and nose. Ciliary beating of the epithelial cells and the physical properties of mucus have a signifi cant eff ect on the effi ciency of mucociliary clearance. Mucus secretion is under neural and hormonal control; it is increased by neural stimuli, which in turn mechanically stimulate ciliary beating. 12 Diff erences in mucociliary clearance in diff erent areas of the nose depend on the ciliary beat frequency, the density of the ciliary population, the length of the cilia, and quality of the mucus. Th e rate of mucociliary transport behind the anterior portion of the inferior turbinate is approximately 1 to 2 mm per hour; the rate increases to 8 to 10 mm per hour in the posterior part of the inferior turbinate. 19 A variety of factors aff ect the activity of cilia. Cilia are sensitive to changes in temperature, humidity, pH, and osmolality, as well as to various exogenous and endogenous physiologic, anatomic, and pathologic conditions. 16 Th ese factors can disturb mucociliary transport, and such disturbances may result in chronic upper and lower respiratory tract diseases. Nasal mucociliary clearance can be aff ected by viral and bacterial infections, changes in nasal airfl ow, alterations in the epithelial surface (e.g., squamous metaplasia), 13 and the presence of allergy, chronic rhinosinusitis, 20 and nasal polyps, 21 as well as surgical interventions (e.g., laryngectomy) 22, 23 and developmental or traumatic abnormalities. 12, 24 Some viruses and bacteria can disturb mucociliary clearance in two ways: (1) with their toxins, which ruin epithelium and lead to the loss of a confl uent ciliary fi eld, and (2) by demolishing the microtubules of the ciliated cells, thereby causing an increase in mucus tethering at the site of the mucous glands and decreasing the mucus transport capacity of the remaining cilia. 25 Airfl ow can be obstructed by nasal septal spurs and mucosal irregularities. In nasal polyposis, mucociliary clearance changes occur as a result of an alteration in the direction of mucus fl ow secondary to a pedunculated swelling of the mucosa. 26 Sakakura et al found that as the severity of sinonasal disease worsens, nasal MCTs become longer. 20, 27 In two separate studies, they found that MCTs were signifi cantly longer in children with chronic sinusitis compared with healthy children 20 and that the MCTs of patients with chronic sinusitis who had been selected for surgery were signifi cantly longer than those of patients who had been selected for conservative treatment. 27 MCTs are also increased in patients with nasal acilia syndrome or an immunodefi ciency condition. 28, 29 MCTs have been improved aft er surgical interventions such as septoplasty and endoscopic sinus surgery when the underlying disease processes that had impaired mucociliary transport were eliminated. 12, 22, 30 DCR restores the free fl ow of tears to the nasal cavity. Th e average tear fl ow in human beings is about 1.2 μl/ min, and the volume of the tear fl uid averages about 7 μl. 31 Th e osmolality of the normal tear fi lm averages 302 ± 6 mOsm/L, and the electrolyte composition of tears is diff erent from that of serum and the aqueous humour. 27 Unal et al reported signifi cant diff erences in nasal MCTs between operated and nonoperated sides following external DCR operations. 16 Th ey concluded that rheologic and biochemical diff erences, as well as the removal of the tear-pumping function, might have played an important role in the impairment of MCT on the operated side. We found only 1 previously published report regarding the eff ect of endoscopic DCR on nasal mucociliary function. Okuyucu et al performed a study of the eff ect of both external and endoscopic DCR on nasal mucociliary function and found that mucociliary transport was impaired by both approaches. 32 In our study, we detected signifi cantly longer MCTs at 1 and 3 months aft er endoscopic DCR compared with preoperative values. At 1 month postoperatively, the silicone stents had not yet been removed, and the mean MCT then was much longer than it was at 3 months, when the stents were no longer in place. We believe that the stent acted as a foreign body to disrupt normal mucociliary transport. Aft er the stents were removed 6 weeks postoperatively, MCTs became shorter, although the 3-month MCTs were still signifi cantly longer than they had been preoperatively.
Also, our study showed that MCTs on the operated side were signifi cantly longer than those on the nonoperated side at both 1 and 3 months postoperatively. We are not sure if the 3-month measurements represent the fi nal, permanent MCT, but we believe that 3 months is generally enough time to allow for healing and stability. Obviously, longer follow-up would be needed to determine if MCTs would become shorter over time.
In conclusion, few data have been published regarding the eff ect of endoscopic DCR on nasal mucociliary function. Mucociliary function is known to be dependent on mucus and preciliary fl uid. Th e diff erent composition of tear fl uid that continuously washes the nasal mucosa may irritate ciliated cells and alter their activity. Also, continuous tear fl ow may alter the quality of mucus. Th e increase in MCTs in our study might have been attributable to alterations in ciliary beat frequencies secondary to continuous washing of the tear, surgical trauma, or changes in mucus quality as a result of the stent acting as a foreign body.
